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Abstract 

Grawehr M, Sener B.WaltimoT, Zehnder M. Interactions of 
ethylenediamine tetraacetic acid with sodium hypochlorite in aqueous 
solutions. International Endodontic Journal, 36, 411-415, 2003. 

Aim To evaluate interactions of ethylenediamine tetra- 
acetic acid (EDTA) with sodium hypochlorite (NaOCl). 
Methodology Solutions consisting of 8.5% EDTA and 
0.5% NaOCl were compared to a 1 : 1 (w/w) mixture of 
17% EDTA and 1 % NaOCl for their calcium-chelating, tis- 
sue-dissolving, and antimicrobial properties. Amounts 
of available chlorine were determined in the EDTA/ 
NaOCl solutions with an iodine/thiosulphate titration 
method. Calcium chelation capacity was titrated with a 
pure calcium solution using a murexide indicator. 
Weight loss of porcine palatal mucosal specimens incu- 
bated in the test solutions was measured over time. 
Antimicrobial potential of pure solutions and the 
combination was recorded using an agar diffusion test 
in plates incubated with Enterococcus faecalis or Candida 
albicans. 


Results The presence of hypochlorite had little effect 
on the calcium-chelating ability or on the antimicrobial 
potential of EDTA. Available chlorine content decreased 
to 0.06% in the combined EDTA-NaOCl solution com- 
pared to 0.50% in an equivalent NaOCl mixture with 
deionized water. The EDTA-NaOCl solution did not dis- 
solve more tissue than an equivalent pure EDTA solution 
at any time (ANOVA, P > 0.05). 

Conclusions Ethylenediamine tetraacetic acid 
retained its calcium-complexing ability when mixed 
with NaOCl, but EDTA caused NaOCl to lose its tissue-dis- 
solving capacity and virtually no free chlorine was 
detected in the combinations. Clinically, this suggests 
that EDTA and NaOCl should be used separately. In an 
alternating irrigating regimen, copious amounts of 
NaOCl should be administered to wash out remnants of 
the EDTA. 
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Introduction 

The goal of the cleaning and shaping regimen in endo- 
dontic therapy is to maximally reduce microbial load 
and necrotic tissue remnants in the root canal system. 
Mechanical instrumentation leaves around 40-50% of 
the root canal walls untouched (Peters et al. 2001). Irri- 
gating solutions are therefore required in conjunction 
with mechanical preparation for optimal results (Baker 
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et ah 1975). Two frequently used irrigants in endodontics 
are aqueous solutions of sodium hypochlorite (NaOCl) 
and ethylenediamine tetraacetic acid (EDTA). 

A 0.5% NaOCl solution buffered with sodium bicarbo- 
nate was originally described for the cleansing of open 
wounds in World War I (Dakin 1915). In today’s endodon- 
tic practice, NaOCl solutions are used at concentrations 
ranging from 0.5 to 5.25%. Such chlorinated soda' irri- 
gants were introduced to the dental literature in 1936 
(Walker 1936). Sodium hypochlorite has good tissue-dis- 
solving capacity and dentine-disinfecting potential 
(Zehnder et ah 2002). However, it has only a limited 
effect on the dissolution of smear layer and dentine. 
It has therefore been recommended to use deminer- 
alizing agents as adjuvants in root canal treatment 
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(Nygaard Ostby 1957). Opened dentinal tubules may 
allow the hypochlorite solution to better penetrate den- 
tine, leading to cleaner root canals (Goldman et al. 
1982). An alternating irrigation regimen of sodium 
hypochlorite and EDTA is more efficient than NaOCl 
alone in reducing the bacterial load in the root canal sys- 
tem (Bystrom & Sundqvist 1985). 

The sodium salts of EDTA are noncolloidal organic 
chelating agents, which have the ability to form nonionic 
chelates with metallic ions such as Ca 2+ . EDTA solutions 
are most active at a pH between 7 and 8, and are thus 
believed to be more tissue-friendly than other acid-based 
demineralizing agents (Nikiforuk & Sreebny 1953). 

Little is known of chemical interactions between 
EDTA and NaOCl and the resulting biological conse- 
quences (Baumgartner & Ibay 1987, Saquy et al. 1994). 
The goal of the present study was to evaluate some effects 
of mixing EDTA and NaOCl solutions. Combined 
EDTA-NaOCI and equivalent pure solutions were studied 
for their calcium-chelating potential, free available 
chlorine content, tissue-dissolution capacity and anti- 
microbial effectiveness. 

Materials and methods 

Chemical interactions of NaOCl and EDTA 

The 17% EDTA (w/v) solution used in the present study 
was obtained by a pharmacist upon prescription; the 
NaOCl solutions were prepared from a pure 10% stock 
solution. The effect of the presence of sodium hypochlor- 
ite on the chelating ability of EDTA was tested with a cal- 
cium titration method, using murexide as an indicator 
(Schulze & Simon 1989). In a 50 mL test tube, 0.3 g of 
the 17% EDTA solution was mixed with 20 mL of deio- 
nized water. The solution was rendered alkaline by the 
addition of 5 mL of a 2 : 1 (w/w) 0.1 M glycine/0.1 MNaOH 
buffer (Sorensen 1909). Subsequently, murexide was 
added, and the solution was titrated with a 500 p.p.m. 
Ca 2+ solution (1.2492 g CaC0 2 L _1 H 2 0) till its colour 
changed from purple to red, indicating the presence of 
nonchelated Ca 2+ ions. A freshly prepared 9 : 1 (w/w) 
mixture of 17% EDTA and 5% NaOCl was subjected to 
the same procedure. The calcium-chelating potential of 
both the pure EDTA and the EDTA/NaOCl solutions 
was compared by calculating the amount of chelated cal- 
cium per mole of EDTA. 

To test the chemical effect of EDTA on NaOCl, free 
available chlorine content (H0C1 + OCP) of a 1 : 1 (w/ 
w) 1% Na0CI/H 2 0 mixture was compared to a freshly 
prepared 1:1 (w/w) 1% NaOCl/17% EDTA solution. A 


standard iodine/thiosulphate titration method was used 
for this purpose (Vogel 1962). 

Tissue dissolution assay 

Full-thickness palatal mucosa was dissected from four 
pigs within 30 min after slaughtering, as described pre- 
viously (Zehnder et al. 2002). The pigs were raised and 
slaughtered for food production, according to the Swiss 
standards for animal welfare. The study protocol did 
not, in any way, influence the premortal fate of the ani- 
mals or the slaughtering process. Therefore, this investi- 
gation was not classified as an animal study, and the 
institutional ethics committee did not have any objec- 
tions to the protocol. Tissue samples were shock-frozen 
on dry ice and kept at —27 °C in plastic bags to prevent 
freeze-drying until further usage. 

Frozen tissue specimens of defined surface and similar 
weight of approximately 80 mg were obtained with a 
round punch of 5 mm inner diameter applied at the crest 
of the rugae. Subsequently, tissue specimens were 
thawed in 30 mL isotonic saline at room temperature 
for 30 min. Eight specimens each were incubated at 
32 °C, the average intracanal temperature (Cunning- 
ham & Balekjian 1980), in separate test tubes each con- 
taining 30 mL of the following solution: 8.5% EDTA, 
0.5% NaOCl, a 1 : 1 (w/w) mixture of 17% EDTA with 1% 
NaOCl, or saline. At the start of the incubation and after 
15, 30, 60, 90 and 120 min exposure to the solution, sam- 
ples were washed in saline, blotted dry and weighed 
using a precision balance in an air-tight container (AT 
261, Mettler, Greifensee, Switzerland). Results are 
expressed as the percentage of the original tissue weight. 

Agar diffusion test 

Facultative bacteria (Enterococcus faecalis ATCC 29212) 
and yeasts ( Candida albicans OMZ 110) were maintained 
separately in fluid universal medium (FUM; Gmiir & 
Guggenheim 1983) supplemented with 5% foetal bovine 
serum. The microbiota were chosen because they are 
the most frequently isolated facultatives and yeasts from 
root canals of failed endodontic treatments (Dahlen 
et al. 2000, Waltimo et al. 1997). The optical density of 
the suspensions containing the microbes was measured 
at a wavelength of 550 nm and adjusted by dilution with 
FUM to an optical density of 1.0. Fifteen microlitres of this 
agar was inoculated in Petri dishes with 5 mL of the 
broth containing one of the microorganisms. After the 
agar had set, round cavities (5 mm in diameter) were 
punched out. These cavities were filled with 40 pL of 
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Figure 1 Necrotic porcine palatal tissue was exposed to an 8.5% EDTA solution, a 0.5% NaOCl solution, a 1 : 1 (w/w) combination of 
17% EDTA with 1 % NaOCl, or saline. Per cent of remaining tissue weight is plotted as a function of time (min). 


the solutions described in the tissue dissolution assay. 
After 24 h incubation at 37 °C in ambient air, zones of 
inhibition were measured with a caliper. All experi- 
ments were performed in triplicates. Results are 
expressed as millimetres of zones of inhibition. 

Data presentation and analysis 

Data pertaining to the tissue dissolution and the agar dif- 
fusion assays are presented as means and SDs. Box plots 
of data obtained in the tissue dissolution assay displayed 
even distribution, and parametric statistics were there- 
fore applied (Altman et al. 1983). Tissue dissolution values 
obtained at different time-points were compared using 
one-way analysis of variance (ANOVA) followed by an 
unpaired t-test. Bonferroni adjustment was applied for 
multiple post hoc testing. The level for rejection of the 
null hypothesis was set at P < 0.05. 

Results 

Chemical interactions of NaOCl and EDTA 

In a solution containing both EDTA and NaOCl, the pre- 
sence of hypochlorite had little effect on the calcium- 


Table 1 Zones of inhibition (mm) against test organisms (agar 
diffusion) 


Enterococcus 

Candida 


faecalis ATCC 

albicans 


29212 

OMZ110 

Saline 

0 

0 

NaOCl 0.5% 

1.3 ± 0.3 a 

1.5 ± 0.0 

EDTA 8.5% 

3.0 ± 1.0 

9.8 ± 0.3 

EDTA 17% and NaOCl 1 % (1 : 1) 

3.0 ± 1.3 

9.8 ± 0.3 


a Mean value ± SD (n = 3). 


chelating ability of EDTA. In a pure solution, EDTA che- 
lated 0.82 mol Ca 2+ mol -1 , compared to 0.77 mol 
Ca 2+ mol -1 EDTA in the EDTA/NaOCl mixture. In con- 
trast, EDTA had a substantial effect on the hypochlorite. 
In a freshly prepared 1 : 1 mixture of 17% EDTA and 1% 
NaOCl, available chlorine content was 0.06%, compared 
to 0.50% in a 1 : 1 mixture of the same NaOCl solution 
with deionized water. 

Tissue dissolution assay 

The EDTA and NaOCl solutions, as well as the EDTA/ 
NaOCl mixture, dissolved significantly more tissue than 
saline at all times (Fig. 1, ANOVA, P <0.05). The pure 
0.5% hypochlorite solution was substantially more effi- 
cient than all other solutions (P < 0.05), and left only 
21.2 ± 1.6% of the original tissue weight after 120 min 
of incubation. The 1 : 1 17% EDTA/1% NaOCl mixture 
never dissolved a significantly different amount of tissue 
than the 8.5% EDTA solution (P > 0.05). 

Agar diffusion test 

Zones of inhibition against C. albicans and E. faecalis 
were of the same width whether a pure 8.5% EDTA solu- 
tion or the 17% EDTA/1% hypochlorite combination 
was used (Table 1). EDTA had a substantial inhibitory 
effect on the growth of C. albicans, with a mean inhibi- 
tion zone of 9.8 ± 0.3 mm compared to 1.5 ± 0.0 mm 
observed with a pure 0.5% hypochlorite solution. 

Discussion 

Little information is available on the direct interaction of 
EDTA and sodium hypochlorite in the endodontic litera- 
ture. This would appear to be the first report on the tissue 
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dissolution and antimicrobial potential of a direct EDTA/ 
NaOCl combination. 

The current study confirms an earlier report on the 
retained chelating potential of EDTA solutions in the 
presence of hypochlorite (Saquy et al. 1994). In that 
investigation, a Ni-dimethylglyoxime titration method, 
flame spectrometry and measurements of dentine 
microhardness were used to study the influence of 
hypochlorite on EDTA. Measurements of chlorine gas 
evaporation in EDTA/NaOCl mixtures have suggested 
an interaction of sodium hypochlorite with the acidic 
hydrogens of EDTA, eventually leading to chlorine 
gas evaporation and a reduction of available chlorine 
in solution (Baumgartner & Ibay 1987 ). The stoichiome- 
try of that reaction has been published in the latter arti- 
cle. In the present study, available chlorine content in 
a combined EDTA-hypochlorite solution was mea- 
sured. This more direct method demonstrated an 
almost complete absence of free chlorine (OCP and 
H0C1), thus confirming the calculations of Baumgart- 
ner & Ibay (1987). 

The recent finding that the tissue-dissolving potential 
of hypochlorite solutions is mainly a function of free 
available chlorine (Zehnderetfll 2002) was corroborated 
by the current study. A simple yet reliable weighing 
method was chosen to determine tissue dissolution 
because irrigating solutions interfere with total protein 
assays and with hydroxyproline determination (Koski- 
nen et al. 1980). An agar diffusion test was selected to 
study the antimicrobial potential of test solutions. With 
that method, EDTA had a substantial antifungal effect, 
which has already been reported by other investigators 
using a similar method (Sen et al. 2000). EDTA solution 
was also found to be more efficient against E. faecalis 
than a 0.5% NaOCl solution, both in the current and in 
a previous study using an agar diffusion model (Siqueira 
Junior et al. 1998). However, in the root canal system, 
EDTA probably binds to dental hard tissues and may be 
inactivated. This may explain why EDTA has little disin- 
fecting capacity in tubules of infected dentine blocks 
(Heling & Chandler 1998; Orstavik & Haapasalo 1990). 
Nevertheless, EDTA appears to have antimicrobial effi- 
cacy in necrotic soft tissues of the root canal system 
(Yoshida et al. 1995). To study the latter hypothesis, more 
data on the influence of organic material, blood, tissue 
fluids and dentine on EDTA are required. When EDTA 
was preincubated with dentine powder, microbial 
growth inhibition was strongly reduced (data not 
shown). The antiseptic EDTA effect is a consequence of 
the metallic ion-chelating ability of EDTA (Vaara 1992). 
Based on the calcium-chelating experiment presented 


here, it was therefore surmised that NaOCl did not ham- 
per the antimicrobial effect of EDTA. 

The exact mechanism of microbial killing by hypo- 
chlorite solutions is not well elucidated. However, it is 
most likely that this action is a function of the available 
chlorine content, as is the tissue-dissolution capacity. 
In an aqueous environment, NaOCl dissociates to 
0C1 _ /H0C1 (hypochloric acid, at pH 12 mostly OCP; 
Bloomfield & Miles 1979). Both molecules are strong oxi- 
dizing agents. Although not directly shown in the pre- 
sent study it may be assumed that EDTA inhibits the 
antimicrobial efficacy of hypochlorite solutions by elim- 
ination of free chlorine. 

Conclusions 

1 Under the conditions of the present study an EDTA solu- 
tion maintained its calcium-chelating ability and its anti- 
microbial effectiveness when combined with NaOCl. 

2 NaOCl lost available chlorine and therefore its tissue- 
dissolving effectiveness when EDTA was added. 

3 It may be clinically advisable to copiously rinse root 
canals with NaOCl after each EDTA irrigating step to 
wash out the remaining EDTA and guarantee good effec- 
tiveness of the hypochlorite solution. 
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